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sg of nmturel history,

IN 1660, 281 y¢ars 2go, in en essay on the usefuld

|

i

f
hies
|
. .
Fobert Boyle, the English philosojher and scientist, who, r addition to his con-

tributions to physics, studied the chemistry of combustion Fnd respiration, wrote

l

these prophetic words - rhe, thet thoroughly understands the pnature of ferments
; |

and fermentations, shallerobabLy be gucha better able than‘he, thst ignores them,
|
to give a falr account of divers phzenomena of several diseases Gas Bell fevers

|

as others) which will pe&haps be never thoroughly u;dersuocd, without an insight

|
(

into the doctrine of fermentation:™. Almost iwo centwries elapsed vefore Berlels

provhecy was fulfilled ind its implicetions realized in 18$7 Yy the studies of
‘ :

| :

Pasteur on dicrobial fermentatiocn, With ail the important[work Boyle vccomplished

|
wag primeriiy = chemist; eo Yoo wés Pagsteur. Furthermore,

in physics hls name is %ssoc;ateo gspecially with the foun&;ng of cheaistry as
(
s gepsyats science. e]

\

\

\
|

both men viewed their e#p rimenal woril frox tne physielo ;cal stsndpeint.  Indeed,
| 5

I
Boyle is said zctuelly ﬁo have czrried on experiments in nhysiologry - o {ield,
|
; z

i

[

however, in which his bioyrephers tell us he wvas henpored %y "the tendertiess ol lJis
\
1

J

nature" snd nls cons ecugrt disiike of snatomicel dLL&ecfldn. Paytevr, & choizist by
|
i J
: |

1

truining, realiized fulil well the physiological import of his studles in fermentetion

wnd censtattly insistedjthat the chemical activities of microorgenisms were bul th
|

|
| » |
expression of physiological processes adapied to promotle éome vital neced or purpose. 1t 1
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therefore no mere accident that nicrobiology from its very Fnception became ini~
|
timately linked with che%istry, physiclogy and medicine. j
| |
Ags Boyle toreséw, it waz indeed the insight 1nto‘the nature of fermentution
| f
thet enabled Pastewr to %ive "s fair sccount" of several dﬁseaoea; that such
| |
diverse diseases as those of silkworms, chicken cholera and rabies in men and

|

animals are dus to 1iv14g infectious agents as specific in | behavior as the microbiael

|
agents of fermentation Jre gelective in the type of chemic%l change they induce.

; j
| |

1t is not my éuryose 20 Treview the histcricel deTelopmants of bactericlogy
r H
| i

or the rapid successionfof discoverize that followed the announcement of the nature of

\

| f
fermentation and the g #m ineory of disease -~ with these ybu.uie aii fepilisr. Nor
!
s brz

|

i

shall I dwell uporn 1lliant schlevements of thosg piope=r“ in bactericiog whose

{

|
!
4 | '
explorations in the & feld of infection and immunity disclosed Lhe basic principles

o e

vhat underlie mocern aaYances in the medical., agricultural and soil sclences. Sut
I |
! |

|
I cannot refrain {rom rbiteratlng end wgelin emphesizing u+o niodependence =nd
i

common intersests of th%se specialized fields; the recipr cenefits anc aulual
I

|

microblolegy with chemﬂstry, physiclogy and medicine.
{ S
Our membership, constantly growing in numbers, chprises groups ol indi-

|

I
|
ot
I
|
surichments that have accrued /rom the early and 1nc‘ea51$glz fxruigfol union of
l
}
i

| \
|
{
viduals highly specialized end primarily interested in onF,or another of the several
f
(
|

\
|
|
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aspects of bacterlclogy.i There {5 a natursl preoccupation kith the subject mutter of

one's own field; a tendéncy, perheps less justified, for each of us %o regexrd his

own corner of knowledge &8 the source and directive of all biological thought. Now
. | |

|
|
!

|
I am not indicting microbﬁologista alone and certeinly not Qny perticular group within
| ;
our orgenization., In proof of the fact that such tendencies are common to &ll
’ '

: |
sciences may I recall the words of the president of one of the great foundstions which

\
distribute funds for sclentific research — "Choose off thae Ishelves a group of learned

i
treatises and sample thﬁ prefaces; Wethematicsy -« it is fhe queen of sciencesj

: |
Physices . it is the source of the basic laws for the beh&vﬂor of all matter;

| |

Chemistry: a recent text sayg, 'Chemistry touches all human intereste. It 1is the
.

|

life; 4stronomyt - itghas the cosmos and eternity for its nercic theme: Philosophy:
|
|

~ it is an examination d'f the ultimate questions which giv.ie life meening. 5nd so one

|
central science; Bioloéx: ~ 1% assauliis the grectest ayséery of all, the mystery of
1

could expand the list, ﬁith brave and startling cleims forgthe central charucter and

{
|

| ‘
field, one speciality, one .v,;e@ment‘

basic importance of one of knowledge «fter cnother.”

|
|
It is perhapsjust as well that there was no copy of a lesrned treutise cn

|
|

microbiclogy on his book shelf that dey or he aight haeve z@ded: Microbiology: - it is
; ;

i |

the king of sciences, i{ azsaults the citedel of life's grbatest mystery,
| i

4
‘ .

i
|
|
i

i
f
\
|
|
f
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He graciously says in explanation of these seeningly contresdictory and exaggerated
“ .

claims that "they arisgép&rtly because of the egocentric character of man, but they
|
|

are also due to wholly selfless entimsissms, to the concentration tu which specialized
|

competence naturally legde."
|

The morel is hot far to seek and ite application to our Society is perhaps

|

not too remote., Despite man's egocentric nature, despite the wholly selfless
enthusisams and the contentration natural to specialized compeitence in any one fileld

of baeterioclogy, let us not lose gight of the fact thet the sclidarity of this

i
|

Society rests upon “thejunity of 1tB8 intsllectual life snd that life cannot, without
, |
diseeter, be broken up into separate parts".
!
Study of thejbehagior of microorganisms heg greatly sided in the formuleation
i 5

of principles thaet havé given new thoughti and direction to bicchenmilcal investigation.
|
Anelyses of. certain prqcesses involved in %the metabelism of wmicallular micrcorgani.ems
S 3
have materially hﬁlpedfin the elucidation of many problems relating tc animal zad
|
plant physicleogy, and ﬂave added to tho uncderstanding of the psrt biccatelysts have
. |
|

in the chemlcal eventsfand transformations in living tissue cells. Thus, from these

|
ralated fields there is accunuleting a significant and integreied bhody of zcts which
together constitute what is now referred to as "comperstive blocnemistry®™. This is

further evidence of the growing recognition of the simiderity, even the unity pernups,
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of many of the principldé that govern the c¢elluler functions and chemlcal sctivities
| .

f
of diverse living thingéL from the lowest ¢o the highest forme of lij'e, from the

miraculous microve to mah himself.
|

By way of ilivstration, may I cite one or two examples of the many ways in

which microorganisms ser&e a8 highly sensitive reagante for unravelling many important
!

' i
biochemical problems in bacterial and animel physiology and nutrition.

Much of the kanledge concernling the intermediate metabolism of carbohydrate
and its significance foz*; the understanding of muscle physiology received initial
impetus from the recognihion of the naturs of alcoholic fermentetion by yeast.
Knowledge of the exactiing requirements of various speclea of microorgenisms for

|
vitaainag, man& of which form the prosthetic groups of vitel enzyme systems, hus led
to development of biclogical methods of increusing specificity for determination of
these essentisl substances in enimal blood and tissues. The establisnment of the
complete identity of bilotin, coenzyme R, end vitanin H was grectly faciliteted, when,
1
instead of the laborious, time consuming, snd expensive method of rat assay it wes
|
found that this specific;? entity counld be more readily and sccurately determined by
microbiclogical tests wi&h Rhlzobium and yeast cellis. The identificution and isola-

tion {rom egg albumin of a substence called tavidin', which is responsibdble for the

so-celled egg white injury of animals, was 1i ewise greatly uided b: the use of
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|

microbiological technique%. For during the chemical procedures incldent to the

isol=tion of avidin its p%esence in any given fraction could be gquentitively followed

t
|
|
|

by observing the absence bf bacterial growth in culture media to which the suspgcled
[ B

|

material has been added; | since evidin by combining with and rendering unsvailable
!

all free blotin in the m%dium deprives the bacterial cells of this gssentisl

aetabolite and thus prevents their growth,

|

The isolaticn ﬁrom aoll bacilil of enzymes capable of specifically ettacking
|
|

creatinine has provided %iologically specific techniques that have proved useful in

|

the study of human memb?nm.
|

With all due réverence Ithink T may preserve the intent of that proverb of
Solomon in which he councils the sluggard to lesyn diligence by observing the ent,
|
.when 1 say to you microbiologists, to the physiclogists und biochemists as well -~
"Go %o the microbe, thou scientist, consider 1ts ways and be wise.®
Turing the Lat%er helf of the 19th century, it wis esteblished that ,lants

utilize carbon dioxide fgr the synthesis of their cell materizls, finding the energy

)
|
|

required in photochemicai reacticns catalyzed by chlorophyl. Animal cells, on the

other bhand, were known to reqguire complex orgznic carbon for the building up of
their protoplzem, ae weﬂl as for all their other biochemicsi rescticns. Toward the

\
|

1
end of the last ceontury (1887) it was shown that, like plants, certaln dacteris

|
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(the sutotrophic group) chn utilize carbon dioxide for synthetic processes {inding

their energy in the oxidaﬁion of simple inorganic compounds, On the contrary,
|

heterotrophic beacteria, lﬁke animel cells, were believed to utilize only organic
i‘ .

carbon. Within the past ]6 years, however, it has been recognized that certain
|

heterotrophic bacteria can incorporate cerbon dioxide into mare complex orgenic

eompoundaj for example, forming suceinic acld during the fermentation of glycerol

in the presence of carben dloxide. Furthermore, it hae only recently besn found that

the animel organism hes tb a limited but definite degres the power to synthesize
|

!

organic compounds from cdrbon dloxide - & power long supposed to be & peculisr

prerogative of ahlorophyj bearing plants. Invomtigators have injected bicarbonate

|
|
|

containing radio sctive C into animels and from their livers have recovered glscogen

|

containing the isotopic Jarbon. Moreover, it has also been shown by the use of
|
‘ |

igotopie carbon ss a 4trader, that liver tissue from pigeons can in vitro cause

carbon dioxide to enter #nto organic combination to form ketoglutaric and amine acids.

|
\

The first recognition ofgthe utilization of carbon dioxide by heterotropghic bacteria
|

and the recent finding o# the participation of carbon dioxide in the cerbohydrate

!

cycle in esnimals indicaté that the phenomenon is probebly of universsl occurrence.

|

Fhen taken together, these interlocking facts constitute a new and striking example

J

|
of the chemical unity ofjlife.

‘!
|
}
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The strategy of warfare against infectious cgents of disease 1ies not
alone in discovery of ways and means of fortifying the natural and zpecific defensss

of the host, - importsnt as these are — but in & concerted effort to learn the

|

vulnerable points of attack in the struetural end celluler mechanisms by which these

hostile agents invade}and overcome the living tissues of man, animals and plants.

The importance of the!normal and impmune reactions of the host I value not less 4n
emphasizing more on this occapion, the significance of gaining deﬁ%ér ingight into

{
the mode of life, the aggression weapons and predatory ways of the infectious agent.

In the light of present knowledge I venture to add to the prediction of the

seventeenth century sdientist: - that he who understands the nsture of the host-

pergelte relationship shall probably be much better sble, than he who ignores it,
\

I
|

Yo glve a more adequa?e account of divers pnencmene of infectious diseases which
will perhaps be never thoroughly understood without an insight into the life

. processes of the host land perasite,

|

In & recent report of the Rockefeller Foundation from which I freely quote,
Mr. Raymond B. Fosdicg in speaking of "Science and the Moral Order" exprosses in
|
these welghted words tho spirit of man’s search for truth; - "In spite of its
|
|

cleims and accomplishﬁents science is today under sharp attack. The growing pubBic

reelization that its ﬁowerful tools can be used for man's enslavement and destruc-

|
|
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tion has given rise to bitter guestions and cherges; and we read today of civiiiza-
tion betrayed by science and of a degraded science that shirks the spiritunl issuss
and hypnotizes its victims with its willions of gadgets.In this hour of intellectusl
confusion and moral chzos the social consequences of science, he continuss, hsve
been brought 4o the fore and the guesticn is persistently askeds Are these con-‘
sequences so important, becguse of technical applications, that the social interest
is paramount over intellsctual interesi?

"The question arises®™ Mr. Fosdick points osut,” becauss scisnce as a iteeninigue
for gaining underctanding of nature is alsoc & te;hnique for gaining contrel over
nature - that is, it is a technigue for gaining power.n®

On my daily round tc and from the leboratory I pass one of the city's modern
High Schools; across its portal deep chiseled in granite are the words of
Frencis Bacon "Knd@ﬁﬂge is power®, end power, says President Fosdick, %"can be used
by evil men Lo do evil even morae obviously ané drawmatica.ly than it c¢an ba used by
men of good will to do goed,”

"But this", he points out, "is true of many things in life - the sul-
phonamides one of the must peneficient developments of modern medical science canme
from the dye industiry, but so did musterd gas¥ - and he wight have added the

Mendelian principles of neredity came from the monastery, tut so &id gun Jowder.
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As he remarks, "Exasctly the same principles of physics are employed to oint e 5C
ton telescope at & star end a 15 inch naval gun at.its turget. Lengusge is e
powerful tool which can be used to mirror spirituszl insight or to spread false end
destructive propagenda., The possibility of misuse is not an argument for no use
at all." The chagge that Bciéptists diszavow concern with social consequences
arises from far toc marrow a view of science., "For scienceﬁfis more than the
technologies thet cluster about it - more than its inventions and gadgets. It

I

is even more than the discovery snd correlation of new facts. Science is“method,
~

& confidence and a felth. It i8 & method of controlled and rechaéked observations

and experiments ohjectively recorded with absclute honesty. It is = conficence

that truth is discoverable., It is & f=ith thuat truth is worth discovering.”

I an not hers comcernsd with the rhiloscphical erguments of whether or mot
pure sclence is of itzelf ﬁecessarily z porel force. FEappily microbiology nesds
no defense of its intellectusl aims or its social ends. They have vever been
accuszed of irrsgponsible indifference to social consequenceg. They heve undeniably
and always been in the service of human welfare.

But I am concerned with our moral ovligations: - in this hour of national

oy

peril when ouwr own country has Leen ﬁhyﬁst into the moot cruel and infamous war in

history, we individually have loyally oiedged our services in cdefense ol country,
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liverty, and civiiization. This is our obligation. But in these duys when the
threat of an intellectual blackout abrosd has slready darke@gd laboratories and
universities hitherto beacons of knowledge, when by the msd spirit of conquest,
scientists 1n subjugated countries have been exiled and scholarship en%iaved by
political ideology, we, se members of this scientific organization have anotiher
duty - an obligatioh to science. We need be gravely concerned about the future
of sclience and ite shere in the world order that is yet o be,

Only 3 months ago, under the auspices of the British Associstion for the
Advancement of Science, & group of distinguished scientists, including representa-
tives from nany éifferen t countries met in wer distracted London vo consider the
internetional relations of science and i1%s part in world planning after the war.
On that occasion the.American fmbessador in addressing the conference stressed the
gignificant fect that men of progressive minds,conscious of the coumon inferests
and agpirations of science, dured look beybpnd the war to consider the issstehlish-
ment of science In the service of constructive civilization. It is the ancient
tradition of the spirit of usclence that it fcllows no flag, recognizes ro geo-
graphical boungarigs, and seils up no trade barrizrs, Couplete freedom of wcientific

thought, and the free interchange of knowledge sre prorequisites for the survival
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of the spirit of inguiry. They are tc the Commonwealth of Science what ths Bill
of Rights is to the life of democracy.v
On thet ocoasion Sir Richard Gregory, President of the British Association
presented the following churter of science whéch was unanimously adopted by the
Conference. Ite geven articles represent not & creed but a policy, they possess no
sanctity or finality, but they do represeht the spirit of gciance.

DECLARATION OF SCIENTIFIC PRINCIPLES

1. Liderty to leern, opportunity to teach end power to understand are necessary for
the extension of inowledge and we, as men of science, meintein that they cannot
be sacrificed without degradation to lhuman life.

2. Communities depend for their existence, their survival and edvancement, on
mowledge of themselves, and of the properties of things in the world arocund them.

3. All nations and z2ll classes of society heve contributed tc the knowledge and
utilization of natural resources, and to the understending of the influence they
exervise on human development.

L. The sarvice of science requires independence combined aldn cooperetion and its

structure is influenced by the progressive needs of humsnity.

5, JHen of science are among the trustees of each generetlon's inheritance of natural

knowledge. They are bound, therefore, to foster and increagse that heritage
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by faithful gusrdisnship and service to¢ high ideels.

6. 411 groups of sciemtific workers are unlied in the Fellowship of ihe Com@onwealth
of Soience which has the world for iis province and the discovery of truth os
its highest aim,

7. The pursult of scientific inquiry demands complete intellectual freedom and
unrastricted internationsal exchange of xnovledgey and it cen only flourish

.

through the unfettersed developmant of civilized life,

I close with the very words with which Pasteur concluded his inaugurel addrsss
at the founding of the Pasteur Instiitute in 1588:

"Two oppesing laws seem to be now in control. The cong, = law of blood end deeth
oggning out each day new modes of destruction, forces nations %0 be alwsys ready
for the battle. The other, a law of peace, work mnd neaith, whose only aim is to
deliver man from the caliesmidies which beset nhim. The one seeks violent conauests,
the other the relief of mankind, The one places g tingle 1ife above all victories,
the other would sacrifice bundreds 8f thoussends of lives to the smbition of & single
individual. The law of which we are the ineirvments strives sven through the carnage
to cure the wounds due to the law of war, (Treatment by our sntisepilic methods way

preserve the lives of thousands of soléfiersz). Whichk of the two laws will prevail
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“-God alome knows. But of thiy we may be sure, thal science, in obeying the lew of

mmanity, will alwaye labor tc emlarge the [rontiers of mowledge.”



